Classical medicinal chemistry classes do not give satisfactory learning outcomes. Computing and communication technology have a great impact on all aspects of cognition, education and training. Thus, the field of computer-assisted science teaching is particularly active nowadays. Many authors reported that involving computers in education process makes it more interesting, develops motivation of the students and helps to keep their attention during classes. Using computers for teaching science is more and more common on all the levels of education, from primary to tertiary. In particular, computer-assisted classes may be of valuable help for the pharmacy or chemistry students who learn organic or medicinal chemistry. Therefore, the main objective of this study was to design modern and interesting medical chemistry computer-assisted laboratory for students. The proposed laboratory is a hybrid of both classic (synthesis of aspirin, TLC analysis, 1 H,
INTRODUCTION
Many organic chemistry laboratories for students have been published. For example, Birney and Starnes proposed simple laboratory classes involving synthesis and identification of methyl salicylate. 1 Furthermore, Reed and Hutchison described classes on synthesis of adipic acid. 2 The common problem with a such type of classes is that they expose students to a "do this, see that"
Submission Date : 18-12-2014 Revision Date : 16-01-2015 Accepted Date : 19-01-2015 without proper understanding of the process. 3 Classical classes or laboratories, where students only listen to or do subsequent tasks without any proper understanding of the topic, do not give satisfactory learning outcomes. It is caused by the fact that students have problems with "seeing" the molecules, understanding their shapes and reactions which occurs. 4 A deeper under-standing requires knowledge of a molecule's three dimensional shape. Figure 1 shows the same molecule of acetylsalicylic acid (aspirin), but structures differ much from each other (1-Dimension, 2-Dimensions and 3-Dimensions). The 3D representation contains more information about structure, such us: general conformation and stereochemistry, bond angles and torsion angles. Free computer software can be used by students who can draw and model chemical compounds may significantly improve the understanding of medicinal chemistry by students.
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MATERIALS AND METHODS
In organic chemistry images and symbols are used to represent different aspects of chemical phenomena. 6 Molecular modeling software enables easy construction of even complicated compounds and looking for their proper geometrical structure, bond lengths and angles, and at the end observing the received model from different views. 7 Computer-assisted classes allows students to be active in the learning process, shows alternative solutions of the problems and develops not only their manual skills, but also knowledge. 8 The chemistry and pharmacy students should also understand the importance of organic synthesis as a field of knowledge. They should be familiar with different aspects of planning, performing and monitoring the progress of the chemical reaction. Moreover, they are expected to have general knowledge of the currently used techniques and laboratory methods in accordance with the rules of safe handling of chemicals, and the selection and utilization of chemical waste. TLC (thin-layer chromatography) is an important tool in not only in modern pharmacy, but also in analytical chemistry, biochemistry, food analysis, etc. It can be also used with success in practice of chemistry teaching because it is convenient, simple, cheap, environmentfriendly and can be easily used by inexperienced students. 9 This method is often used for checking the purity and homogeneity of drugs in pharmaceutical analysis (impurity profiling). 10 Moreover, a few chemistry experiments were published, which used IR spectroscopy as educational part of the laboratory. 11, 12 However, there are not many laboratories that extended learning of students from synthesis, spectroscopic and chromatography methods to molecular modeling The proposed laboratory consists of three main sections (synthesis, analysis and molecular modeling) and its scheme can be applied to any other chemical substances, not only to aspirin. For better understanding of the topic by students, it should be divided into at least two meetings. During the first laboratory the students should focus on synthesis of a desired substance and analysis of its purity by TLC. Second lab should begin with a discussion and performance of spectroscopic analysis. A the end students will work on molecular modeling of appropriate structures and mechanism of action of an earlier obtained drugs.
RESULTS
Acetylsalicylic acid (ASA) is a non-steroidal anti-inflammatory drug (NSAID), which has been widely used for over 100 years. It has anti-inflammatory and antipyretic effects and can be used to treat small to medium-intensity pain. 13 ASA is also commonly used by patients, who have risk of stroke, myocardial infarction and unstable angina. Moreover, it has a positive effect on patients suffering from Alzheimer or Parkinson disease. 14, 15 Clinical studies have shown that aspirin has a significant impact on reducing the risk of pancreatic cancer and colorectal cancer. 16, 17 Although the synthesis of aspirin is well-known, 18, 19 we propose a simple method for the preparation and crystallization of aspirin which ensures to get pure product with a very good yield. Additionally, we would like to teach students how molecular modeling can be used for finding drug properties and understanding its mechanism of action. The main aim of this study was to design an interesting and easy to carry out medicinal chemistry computerassisted laboratory classes. As a model substance we chose acetylsalicylic acid. There were a few reasons for this choice. Firstly, ASA can be easily synthesized from salicylic acid and acetic acid anhydride, so reaction should be easily understood and carried out by all students. Secondly, it is a widely used NSAID, most students should know it which is expected to stimulate their curiosity how it is synthesized. Thirdly, this simple molecule is an excellent example for of the beginners in molecular modeling. The laboratory classes consist of the following steps: 1) acetylsalicylic acid synthesis; 2) determination of obtained product purity and homogeneity using thinlayer-chromatography; 3) study of its 1 H, 13 C NMR and IR spectra 4) molecular modeling. Students perform synthesis of aspirin according to the following procedure: 11.0 g of salicylic acid, 15.2 ml of acetic acid anhydride and 10 drops of concentrated sulfuric acid are placed in the round-bottom flask (capacity of 50 ml). The reaction mixture is heated in a water bath under Liebig condenser for half an hour at 50 -60°C (do not exceed a temperature of 60°C) under constant stirring. Upon completion of heating the content of the flask is cooled down and poured into 160 ml of distilled water to remove excess of acetic acid anhydride. The resulting precipitate is filtered and allowed to dry. The dried precipitate is dissolved in 32 ml of 96% ethanol, and then poured into 80 ml of hot distilled water and left to crystallize. The product is filtered under reduced pressure and then dried at room temperature. The procedure makes it possible to obtain 12 g of acetylsalicylic acid (Figure 2) . Students check the purity and homogeneity of obtained product using TLC. A mixture of chloroform and methanol (ratio 10:2 with the addition of acetic acid) is used as an eluent. The spots are visualized with UV light at wavelength of 254 and 360 nm. Later, students with the help of a teacher learn how to measure and interpret 1 H, 13 C NMR and IR spectra for aspirin. In our case the acetylsalicylic acid (Aspirin) was obtained in 85% yield. Product was characterized by the retardation factor (Rf=0.69)) and retention factor (k=0.449) and 1 H, 13 C NMR and IR spectra. NMR spectra were recorded on a 600MHz instrument. ppm (methyl group). IR spectra were recorded on a Thermo Nicolet 6700 FTIR spectrometer. Solids were measured utilizing the ATR technique with the spectrometer equipped with a diamond Orbit stage. In IR spectra are visible the signals in the range of 2546-2831 cm -1 confirm the presence hydroxyl group (COOH).
The last stage of the laboratory, probably the most enjoyable for most students, is molecular modeling. The structure of aspirin is built with free Argus Lab software 20 and optimized using semiempirical AM1 method by selection from the Argus Lab main menu Calculation-Optimize geometry and marking the appropriate level of theory. Argus Lab is also used to check hybridization of the selected atoms (eg. carbon atoms) by setting atom labels from Label menu to hybridization (Figure 3) . The students are reminded that the structure of carboxylic group is resonance-stabilized, which is also marked in Figure 3 . Furthermore, students are thought that the real shape of the molecule is not its skeleton but its molecular surface ( Figure 4 ). Mesh representation of molecular surface was obtained with free software PyMol v. 99 from S (how)-mesh side menu. The representation of a molecule is changed to sticks from S (how)-sticks side menu. Finally, free software VegaZZ is used to calculate molecular properties of aspirin from VegaZZ main menu Viev-Information-calculate ( Figure 5 ). 21 The students should note the low lipophilicity value of aspirin. They should be also able to indicate the number of hydrogen bond donors and acceptors in the molecule of aspirin and to discuss its drug-likeness according to the Lipinski rule. The next stage of molecular modeling part of the laboratory is the discussion about features and mechanism of action of aspirin. It has analgesic, antipyretic and anti-inflammatory actions which are exerted through inhibiting the enzyme cyclooxygenase and thus preventing the formation and release of prostaglandins. 22 Furthermore, aspirin slows blood clotting, reducing the chance of stroke and heart attack. Surprisingly, there is a growing body of evidence that this drug can be helpful against some types of cancer. Cyclooxygenase (COX) is an enzyme responsible for the first step of synthesis of prostaglandins from a common fatty acid (arachidonic acid). It is a homodimeric enzyme which integrates into the single leaflet of the cell membrane. This bifunctional enzyme consists of three independent folding units: an epidermal growth factor-like domain, a membrane-binding motif and an enzymatic domain. 22 The structure of an enzyme which adds two molecules of oxygen to the arachidonic acid is presented in Figure 6 .
The COX active site is a long hydrophobic channel and aspirin-like drugs such as flurbiprofen inhibit COX by excluding arachidonate from the upper portion of the channel. 22 Aspirin blocks the binding of arachidonic acid in the cyclooxygenase active site by acetylation of its Ser 530 (Figure 7 ).
DISCUSSION
The presented laboratory classes can be used as an introduction in the course of organic chemistry, medicinal chemistry or molecular modeling. It consists of both classic (synthesis of aspirin) and modern elements (usage of computer for molecular modeling) The use of computers in classes has a significant effect on the maintenance of student's attention and activity. 23 Participation in such a computer-assisted laboratory will encourage students that internet can be used not only for entertainment, but also can be valuable source of easy accessible knowledge acquired in a friendly andenjoyable way. Moreover, teaching students molecular modeling allows them to understand different techniques of visualization, manipulation and analysis of molecular structures, which are demanded for specialists working in the industry. 24 The skills acquired during such as laboratory can be an useful tool for students in their future jobs. Important advantage of this laboratory is that proposed molecular modeling uses only free software, so interested students can use the gained knowledge at home. The proposed laboratory classes can also be easily reproduced anywhere or can be a basis for further modifications and do not require any special, expensive computer resources.
CONCLUSION
We present an example of combination of experimental and computational methods in teaching medicinal chemistry. The tutorial makes it possible to familiarize students with the elements of organic synthesis and the techniques used in molecular modeling. The students learn to use spectroscopic methods for the analysis of the obtained compound. The tutorial shows how to use the freely available software for molecular modeling. The proposed experiment can be used as an individual student work or demonstration for the group of students. Fast and cheap experiment lets students acquaint with the procedures and tools in chemistry.
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